Abstract In this study, 24 marine macroalgae collected from the coastline of Izmir Gulf were examined for their antioxidant activities and their effects on cell proliferation. Crude extracts were obtained from samples with cold methanol extraction. Antioxidant activity was evaluated as 2,2-diphenyl-1-picryl-hydrazyl (DPPH) radical scavenging activity and total phenolic content (TPC); growth inhibitory effects of the extracts were determined by using WST-8. Amongst the species, Polysiphonia denuata (Rhodophyta) and Cystoseira species (Phaeophyceae) have been noticed by their high DPPH radical scavenging activities and TPCs. As expected, there was a strong correlation between these tests. Dictyota dichotoma (Phaeophyceae) showed the highest anti-cancer activity on MCF-7 cells with an IC 50 of 17.2 ng mL -1 . Flow cytometry analyses demonstrated that D. dichotoma methanolic extract strongly induced apoptosis.
Introduction
The medical potential of natural products is a focus of attention as they are inexpensive to produce and have relatively fewer side effects compared to drugs (Lee et al. 2010; Mohamed et al. 2012) . Macroalgae are prolific sources for numerous natural compounds with promising potential for both prevention (Lee et al. 2013 ) and treatment of several diseases including cancer (Hiroishi et al. 2001; RademakerLakhai et al. 2005 ) and diabetes (Nwosu et al. 2011) . Many studies have attributed beneficial effects of macroalgae to their high antioxidant capacity (Zhang et al. 2007; Zubia et al. 2009; Murugan and Iyer 2013) thus naming their consumption ''antioxidant phytomedicine'' (Scalbert et al. 2005; Yuan and Walsh 2006; Gupta and Abu-Ghannam 2011; Nwosu et al. 2011) . Dietary antioxidant intake and decreased oxidative stress are known to reduce the risk of type II diabetes (Valko et al. 2004 ) and cancer (Montonen et al. 2004) as both conditions are associated with oxidative stress. Since oxidative stress plays a role in many other diseases including neurodegenerative diseases and cardiovascular disease we can argue that antioxidant phytomedicine is an important treatment option that needs to be studied in detail.
Anti-cancer activity of the compounds derived from macroalgae is also studied extensively, demonstrating reduced cell viability and induction of apoptosis in cancer cells (Athukorala et al. 2006; Kong et al. 2009; Yang et al. 2010; Kang et al. 2012 ) and being used in clinical trials to treat different types of cancer (von Schwarzenberg and Vollmar 2013; Beesoo et al. 2014 ). Macroalgal crude extracts or their products have high cytotoxic activity on brain, renal and colon tumors (Fuller et al. 1992) , inhibit the growth and invasion of several tumor cell lines, impedes lung metastasis and prolongs survival in mice (Hiroishi et al. 2001) or lead to apoptotic body formation in the CT-26 murine colon cancer cell line (Athukorala et al. 2006) .
The role of antioxidants in cancer prevention and treatment is a double-edged sword. Anticancer activities of antioxidants are investigated thoroughly revealing the most common mechanism of action as the fenton reaction in which antioxidants at higher concentrations act as oxidants to induce apoptotic cell death in cancer cells (Matés and Sánchez-Jiménez 2000) . On the other hand endogenous antioxidant capacity of cancer cells is known to be high, possibly to protect cells from oxidative stress induced cell death (Sun 1990) . It is also clear that oxidative stress induced DNA damage, which can be prevented with antioxidants, is one of the most prominent drivers of the carcinogenesis (Valko et al. 2006) . Taken together these findings suggest a complex relationship between antioxidants and cancer prevention/treatment, and that anti-cancer activities of natural antioxidants should be studied carefully.
Even though there are many studies conducted on macroalgae, there is no information with respect to the anti-cancer potential of the macroalgal members of the Gulf of Izmir. Therefore, in this study, we aimed to reveal their antioxidant and anti-cancer potential and the relationship between them.
Materials and methods

Collection of macroalgal material
Marine macroalgal species were collected from coastlines of Izmir Gulf, Republic of Turkey from March 2011 to March 2012. Specimens in the labelled plastic bags had an approximate wet weight of 0.5-1 kg and were immediately transported to the laboratory in cooled containers. To remove sand and epiphytes, algal thalli were gently rinsed in seawater. Taxonomic identification was done in terms of their morphology. Specimens had been stored at -20°C until experiments begun. The voucher specimens are preserved in the Herbarium of Ege University.
Preparation of macroalgal extracts
Wet tissues from each species were lyophilized. 1 g of powder was extracted with 10 mL of methanol by shaking in an orbital shaker at 300 rpm overnight at ?4°C. Extracts were then centrifuged at 4000 rpm for 10 min and supernatants were collected. Collected supernatants were placed in orbital shaker and extraction was performed again. This procedure had been repeated for 10 days. After 10 days of extraction/centrifugation cycle, solvent was removed by lyophilization and powders of the crude extracts were dissolved in DMSO (dimethyl sulphoxide; 10 mg crude extract per mL; Sigma-Aldrich, St. Louis, MO, USA) and stored at -20°C for further experiments.
Determination of DPPH radical scavenging activity
The free radical scavenging activity was measured by using the 2,2-diphenyl-1-picryl-hydrazyl (DPPH; Sigma-Aldrich) method (Sharma and Bhat 2009) . Briefly, 100 lL of 50 lM DPPH solution was added into 96-well plates containing 100 lL of sample (5 mg mL -1 ) solutions or 100 lL of positive control ascorbate (10 lg mL -1 ). After 30 min, the decline in absorbance was recorded at 520 nm against an individual blank. All measurements were repeated at least for two times and mean absorbance values were used to evaluate results. The capability to scavenge the DPPH radical was calculated using the following equation:
Determination of total phenol content
The total phenolic contents of macroalgae were determined by using Folin-Ciocalteu assay (Zhang et al. 2007 ) in 96-well plates. Methanol extracts (10 mg mL -1 ) were loaded into 96-well plate containing 90 lL of deionized water and 10 lL 2N FolinCiocalteu's reagent (Sigma-Aldrich) in each well. Plates were incubated for 5 min at room temperature. After incubation 100 lL of sodium carbonate (7 %) was added to each well. Plates were shaken in the dark at room temperature for 90 min. The absorbance of the formed color was measured at 750 nm. All measurements were repeated three times and mean absorbance values were used to evaluate results. A calibration curve of gallic acid (ranging from 0.010 to 200 mg mL
; Sigma-Aldrich) was drawn, and the results were expressed as mg Gallic Acid (GA) equivalents' ratio to dry weight (g).
Cell culture
All studied cell lines were kindly provided by Ege University, Medical School Department of Medical Oncology. Breast cancer cell line MCF-7 was cultured in RPMI medium (Lonza, Basel, CH) with 10 % fetal bovine serum (Lonza) and penicillin-streptomycin (100 U mL -1 /100 lg mL -1 ; Sigma-Aldrich) supplement. Immortalized mammary epithelial cell line MCF-10A was cultured in DMEM medium (Lonza) supplemented with 10 % fetal bovine serum (Lonza), penicillin-streptomycin (100 U mL -1 /100 lg mL -1 ; Sigma-Aldrich), EGF (20 ng mL -1 epidermal growth factor; New England Biolabs, Ipswich, MA, USA), hydrocortisone (0.5 lg mL -1 ; Biochrom, Berlin, Germany) and insulin (10 lg mL -1 ; Sigma-Aldrich). All cell lines were maintained in CO 2 incubator with standard incubation conditions. Cells were treated with different concentrations of macroalgal methanol extracts reconstituted in dimethyl sulphoxide (DMSO; Sigma-Aldrich) and diluted with proper media for viability experiments. For each experimental procedure, appropriate concentration of vehicle (DMSO) was used as a carrier control.
Inhibition of cell viability
Growth inhibitory effects of extracts were investigated via mitochondrial dehydrogenase activity using the WST-8 colorimetric assay kit (Sigma-Aldrich). Briefly, MCF7 cells were seeded in a 96-well plate 10 9 10 3 cells per well and incubated overnight for both cell attachment and growth. Macroalgal extracts were added to wells in different final concentrations (0, 1, 5, 10, 25, 50 and 100 lg mL -1 ) with six repeats. Maximum DMSO concentration was 1 %. After 72 h of incubation, 10 lL of WST-8 reagent was added to wells and plates were incubated at 37°C for 15 min for the formation of color. Absorbance was measured at 450 nm on multi-well spectrophotometer. Untreated cell viability was considered as 100 % and extract-treated cell viabilities were calculated accordingly. IC 50 (inhibitory concentration 50) values were calculated using CalcuSyn v2.0. A lower concentration range was used to calculate IC 50 of Dictyota dichotoma extract which showed a high growth inhibitory potential.
Flow cytometric detection of apoptosis
To determine apoptosis, MCF-7 cells were treated with D. dichotoma methanol extract (17.25 ng mL -1 ) for 72 h. Both treated and non-treated samples were washed with PBS, and stained with Annexin V-FITC and PI according to manufacturer's protocol of the Apoptosis Detection Kit (BD, Franklin Lakes, NJ, USA). Stained cells were analysed by flow cytometry (BD Facs Aria, USA). Annexin-V positive cells were considered apoptotic and cell percentages were calculated accordingly.
Statistical analyses
All statistical analyses were performed with GraphPad Prism 5.03 software. Spearman assay was used to evaluate correlations. Correlations with P values lower than 0.05 were considered significant. IC 50 values were determined by CalcuSyn 2.0 software.
Results
Macroalgal material
Samples of 24 macroalgae belonging to Chlorophyta, Rhodophyta and Phaeophyceae were examined in the study. The scientific names, collection dates, collection places of specimens, their coordinates and IC 50 values are presented together with their voucher IDs in Table 1 .
Phaeophyceae demonstrated high antioxidant capabilities
Our results suggest a high antioxidant capacity demonstrated via DPPH radical scavenging ability (Fig. 1a) and phenolic content for many of the extracts studied (Fig. 1b) . Members of the Phaeophyceae especially demonstrated high antioxidant capabilities: while six of the ten highest DPPH scavengers were members of Phaeophyceae, seven of the ten highest gallic acid equivalence were also detected in Phaeophyceae members (Fig. 1a, b) . Polysiphonia variegata (EGE41707) demonstrated highest antioxidant potential, scavenging 86.73 % of DPPH radical, followed by Cystoseira crinita (EGE41722), which scavenged 79.36 % of DPPH. Both of them had high phenolic contents: 245.94 304.38 mg GAE g -1 dw, respectively. Highest phenolic content (570.31 mg GAE g -1 dw) was detected in Palisada perforata (EGE41725), which scavenged 38.12 % of DPPH radical. It was followed by Cystoseria barbata (EGE41719) with a 465.31 mg GAE g -1 dw and 58.22 % scavenging activity. DPPH scavenging activity and total phenolic content of the samples correlated significantly (Fig. 2a) with a P value lower than 0.0001 (Spearman r = 0.8008), as expected.
Dictyotaceae members showed high anti-cancer activities in vitro Inhibition of MCF-7 breast cancer cell line viability by 50 lg mL -1 of the extracts is presented in Fig. 1c and IC 50 values calculated for each extract are shown in Table 1 . Highest in vitro anti-cancer activity was determined for D. dichotoma (EGE41715), a member of Phaeophyceae. It inhibited almost all MCF-7 viability (91.32 %) at a concentration of 50 lg mL -1 . D. dichotoma was followed by Laurencia obtusa of Rhodophyta (EGE41726) which inhibited 82.86 % of MFC-7 viability. Third most effective extract was that of Dictyota spiralis (EGE41708), another member of Phaeophyceae, with an inhibition rate of 82.14 % cell viability.
Since D. dichotoma extract was the only one effective at the nanogram scale, we have run another experiment using lower concentrations (10-100 ng mL -1 ) of theextract to determine its effect on MCF-7 cancer cells and the MFC-10A normal breast epithelial cell line (Fig. 3) . Extract was more effective against MCF-7 cells compared to MCF-10A cells (Fig. 3) . We have then calculated the IC 50 of the extract as 17.2 ng mL -1 for MCF-7, and used that concentration for flow cytometric apoptosis analysis to determine the mechanism of growth inhibition. Flow cytometric Annexin-V/PI analysis of the extract revealed induction of apoptosis approximately in 90 % of the cells (Fig. 4) .
Antioxidant potentials of D. dichotoma (EGE41715), L. obtusa (EGE41726) and D. spiralis (EGE41708) were either low or moderate compared to others (Table 1. ). There was no correlation between inhibition of viability and antioxidant capabilities (Fig. 2b, c) .
Discussion
Antioxidant and anti-cancer properties of macroalgal extracts is a popular research topic due to their potential use as pharmaceuticals, phytomedical drugs, cosmetic products as well as food supplements (Murugan and Iyer 2013) . In this study we have evaluated the antioxidant and anti-cancer effects of marine macroalgae collected from Izmir Gulf which is located in the western part of the Anatolian Peninsula and is partially separated from Aegean Sea by Karaburun Peninsula (Sayın 2003) .
Our results suggest that extracts of macroalgae especially Phaeophyceae members demonstrated high antioxidant capabilities which was shown both as DPPH scavenging capacity and total phenol content. Antioxidant capabilities correlated significantly with phenolic content in accordance with current knowledge (Yuan and Walsh 2006; Farasat et al. 2014 ). However antioxidant capabilities and anti-cancer abilities did not correlate well. Antioxidants are known to act as pro-oxidants and inhibit cell viability via Fenton reaction (Dai and Mumper 2010) exhibiting anti-cancer properties. In our study extracts with the highest inhibitory potential on MCF-7 breast cancer cell viability had low to moderate DPPH scavenging activity as well as low to moderate phenolic content. Similarly extracts with highest antioxidant capacities demonstrated relatively low viability inhibitory potential. Taken together these results suggest that the pro-oxidant behavior of antioxidants is not sufficient to explain anti-cancer activities of the extracts. The role of antioxidant in cancer therapy is a subject of debate. While there are numerous studies focusing growth inhibitory potential of antioxidant compounds (Murugan and Iyer 2013; Guner et al. 2015) , there are others claiming a protective role for those substances as cancer cells are known to require antioxidants for their survival Lee et al. 2013; Mezghani et al. 2013) . Surely oxidative stress is one of the most common inducers of carcinogenesis (Valko et al. 2006 ), however it is also known that once transformation is completed, cancer cells utilize antioxidant machinery to prevent further damage caused by reactive oxygen species (Saeidnia and Abdollahi 2013). Protection of the cells by antioxidant components of the extracts may explain the lack of correlation between antioxidant and anti-cancer capacities of the extracts in our experiments.
Dictyota dichtoma, a member of Phaeophyceae, exhibited highest anti-cancer capability with an IC 50 of 17.3 ng mL -1 which is very low (suggesting a very high anti-cancer potential) compared to all other extracts. Further studies revealed the mechanism of viability inhibition as apoptosis and that almost all of the cells undergo apoptosis following treatment of cells with the indicated concentrations of extracts. It is also important to note that the extract was less effective on MCF-10A normal breast epithelial cells, proposing a potential chemotherapeutic use for the extract or for the active compounds it contains. In a previous study, D. dichtoma was suggested to have an anti-cancer effect on lung and cervix cancer cell lines and leukemia cell line (Guedes et al. 2013 ). The investigators have tested the effects of different extracts including chloroform, dichloromethane, methanol and water extracts on the mentioned cell lines and determined high IC 50 values (microgram per mL scale) compared to our results in all experiments. The lack of effectiveness of the extracts would either be due to the cell lines or the extraction method used. It is known that different cancer cells may react differently to the same stimuli and it is also known that cold extraction may produce a different composition protecting heat sensitive compounds compared to room temperature extraction (Heffernan et al. 2014) . In another study, dichloromethane extract of D. dichtoma was found to have an IC 50 of 600 ng mL -1 in MCF-7 cell line, a concentration 35 fold higher than what we have determined. Since the same cell line is used in both studies, the difference should be attributed to the extraction method used which is Soxhlet extraction for the mentioned study (Abou-El-Wafa et al. 2013) . Another member of Dictyotaceae family, Dictyota Fig. 2 A significant correlation is observed between total phenolic content and DPPH radical scavenging activity. DPPH and TPC values of the samples were evaluated for Spearmen correlation. Results suggest a strong correlation between parameters with a P value (two-tailed) less than 0.0001 and r: 0.8006 (a). There is no correlation between inhibition of cell viability and DPPH or TFC (b), (c) Fig. 3 D. dichotoma strongly inhibits viability of MCF7 cells and is less effective against MFC-10A, normal breast epithelial cells. Cells were seeded onto 96-well plates, incubated overnight for attachment and treated with increasing concentrations of the extract. Viability was determined with WST-8 reagent according to the manufacturer's instructions. Viability of untreated cells was considered as 100 % and viability of treated cells were calculated accordingly. Error bars represent standard deviation cilliolata, was also tested for its anticancer potential in different cell lines including MCF-7 (Caamal-Fuentes et al. 2014) and in this study, the extract was effective only at microgram per mL concentrations. Furthermore in several studies focusing on the anti-cancer potential of pure compounds isolated from Dictyota species in different cell lines including MCF-7, IC 50 values calculated for all of the compounds were at microgram per mL scale (Jongaramruong and Kongkam 2007; Ayyad et al. 2011; Abou-El-Wafa et al. 2013; Pardo-Vargas et al. 2014 ). Since our extract was much more effective compared to all counterparts and to all pure compounds mentioned, we believe either the extract itself or the active compounds of the extract have a strong potential to be used as anti-cancer agent. 
